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SHARKS 

Reexamination and reconsideration of this application as amended is requested. By this 
amendment, claims 1, 15, 28 have been amended. Claims 1-29 remain in the application. 

Claims 1-29 have been rejected under 35 U.S.C. 102(b) as being anticipated by Tennant et al. 
U-S. Patent No. 5,521,03 1> hereinafter referred to as Tennant. 

The Examiner in making this rejection states that Tennant teaches a lithographic mask 
comprising a mask pattern for producing a projection image, the projection image including features of 
at least dimension less than 0*25jara, the mask pattern consisting of transparent regions and blocking 
regions for selectively transmitting and blocking delineating radiation, the blocking regions being so 
composed and of such thickness as to transmit a portion of incident delineating radiation, while 
imposing a phase delay, so that the portion is phase shifted by about 180 degrees relative to that 
transmitted through transparent regions, whereby feature edge definition is improved by destructive 
interference. 

In response, the Applicants have amended claims 1, 15, and 28 to further define the attenuating 
phase shifter of the Applicant's invention. More specifically, the Applicants have further clarified the 
attenuating phase shifter as overlying the first reflectance region and comprised of a first layer, and a 
second layer having a reflectance region formed therebetween. The first layer of the attenuating phase 
shifter is claimed as having a thickness selected to alter the phase relationship between the first 
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reflectance region and the second reflectance region, resulting in destructive interference between 
reflections from the first reflectance region and the second reflectance region. 

The Applicants assert that in contrast, Tennant discloses materials 13 and 14, illustrated in 
Figure J, that are chosen arbitrarily. The Applicant asserts that the choice of material and its thickness 
should satisfy phase shift and attenuation requirements. Thicker materials will result in undesirable 
shadowing effects due to the fact that the EUV mask is illuminated at an angle. In order to meet those 
conditions, the height of the patterned stack, 13 and 14 in Tennant is taller than the desired one to 
minimize the three dimensional shadow effect. 

To get around the problem of material thickness, the Applicant's claimed invention uses a set of 
layers in stack 307, illustrated in Figure 1, comprised of layers 303, 304 and 305, illustrated in Figure 1, 
that provide the attenuation by destructive interference of the radiation incident on region 305 with the 
radiation reflected from region 305. the destructive interference used for attenuated phase shift masks 
is between radiation reflected from region 305 and region 306, illustrated in Figure 1. 

The uniqueness of the Applicant's structure is that the patterned structure has multiple periods 
of molybdenum and silicon that comprise multilayer 304, or multilayer 604, as illustrated in Figures 
6,7,8,and 9. The main advantage of the Applicant's invention is in using destructive interference of the 
embedded layer 303 formed between the upper multilayer 304 and bottom multilayer 302, thus reducing 
the thickness of patterned stack height 307. 

Multilayers 303, 304, and 305 are structurally the same, meaning same material and thickness, 

as those in the multilayer EUV mirror, 302, and 602, as illustrated in Figures 6,7,8,and 9. The 

embedded layer has a key role in satisfying phase shift and attenuation requirements. Due to the 
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location of embedded layer 303 between identical multilayers, upper 304 and bottom 302, the 
constructive or destructive interference effects are heavily dependent on the thickness of the embedded 
layer 303. The trend of this role is illustrated in Figure 4 and 5 using an example of NiFe. The 
destructive interference effect the Applicant is referring to is occurring inside the patterned stack 302, 
303 and 304, whereas different type of relative destructive interference used in Tennant is occurring 
between regions 17 and 18, illustrated in Figure 1 of Tennant, due to a 180 degree phase shift. 

Accordingly, the Applicants have amended independent claims 1, 15, and 28 to further define 
the thickness of the layers that comprise the attenuation phase shifter. The Applicants believe that the 
amendment place claims 1,15 and 28 in a condition for allowance. Claims 2-14, 16-27 > and 29 are also 
believed allowable since they depend from what is believed to be an allowable claim and for the 
limitations they add to the above mentioned features. Accordingly, it is believed that the rejection of 
claims 1-29 under 35 U.S.C. 102 has been overcome by the amendment and remarks. 

CLAIM REJECTIONS UNDER DOUBLE PATENTING and 35 U.S.C. §103 

Claims 1-29 have been rejected under the judicially created doctrine of obviousness-type double 
patenting as being unpatentable over claims 1-12 of Mangat et al., U.S. Patent No. 6,653, 053, 
hereinafter referred to as Mangat, in view of Tennant. 

The Examiner in making this rejection states that Mangat essentially teaches the claimed 

invention. The Examiner acknowledges that the teachings of Mangat differ from those of the Applicant 

in that the Applicant teaches that die attenuating phase shifter attenuates EUV radiation through a 

combination of destructive interference and absorption. The Examiner further states that Tenant 

teaches a lithographic mask comprising a mask pattern for producing a projection image, the projection 
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image including features of least dimensions less than 0.25nm, the mask pattern consisting of 
transparent regions and blocking regions for selectively transmitting and blocking delineating radiation, 
the blocking regions being so composed and of such thickness as to transmit a portion of incident 
delineating radiation, while imposing a phase delay, so that the portion is phase shifted by about 180 
degrees relative to that transmitted through transparent regions, whereby features edge definition is 
improved by destructive interference. The Examiner asserts that it would have been obvious to one 
having ordinary skill in the art to take the teachings of Mangat and combine them with the teachings of 
Tennant in order to make the claimed invention because it would be obvious to one to use destructive 
interference for attenuation in the EUV mask of Mangat, because the known advantage of destructive 
interference is that it forms a sharp boundary and is used when the greatest resolution is required. 

Claims 1-29 have also been rejected under 35 U.S.C. 103(a) as being unpatentable over Mangat 

in view of Tennant. Hie Examiner in making this rejection states that Mangat teaches the claimed 

invention as detailed. Hie Examiner further states that the teaching of Mangat differ from those of the 

Applicant in that the Applicant teaches that the attenuating phase shifter attenuates EUV radiation . 

through a combination of destructive interference and absorption. The Examiner states that Tennant 

teaches the blocking (or "opaque 11 ) region is a binary layer constituted of phase shifting layer 13 and 

attenuating layer 14. The Examiner asserts that taken together, the binary layer introduces the X phase 

delay with desired attenuation. Further, asserted is that incoming radiation is represented by rays 15 

and 1 6, and reflected radiation by rays 1 7 and 1 8. Ray 15, incident on an unmasked portion of the DBR 

surface 19 is "totally" reflected, i.e., is reflected to the full capability of the DBR. Ray 16, incident on a 

masked portion of the DBR surface 19, is attenuated and phase shifted during its round-trip passage 

through layers 14 and 13, and yields ray 18. Accordingly, the Examiner asserts that it would have been 

obvious to one having ordinary skill in the art to take the teachings of Mangat and combine them with 

the teaching of Tennant in order to make the claimed invention because it would be obvious to one to 
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use destructive interference for attenuation in the EUV mask of Mangat, because the known advantage 
of destructive interference is that it forms a sharp boundary and is used when the greatest resolution is 
required. 



With regard to the double patent rejection and the 103 obviousness rejection, in each of prior art 
cases, a first region of the pattern (region 305, illustrated in Figure 3 of the Applicant's invention, the 
region illuminated by ray 135, illustrated in Figure 8 of Mangat, the region with reflection 1 8, 
illustrated in Figure 1 in Tenant) shifts the phase compared to a second region (region 306 of the 
Applicant's invention, region 138, illustrated in Figure 8 of Mangat and the region with reflection 17, 
illustrated in Figure 1 of Tenant). The patterned material in the first region also attenuates the radiation, 
so that the intensity of radiation above the first region is less than the intensity above the second region. 
In the imaging system, which for EUV is a set of mirrors, the radiation from the first region 
destructively interferes with the radiation from the second regions. This interference results in 
enhanced image contrast. 

The Applicant's assert that attenuation in the first region of the Applicant's invention is 
different due to how it is produced. As described in the Applicant's specification, the shortcomings of 
Tenant and Mangat are that the thickness of the material in the first region is fairly large. In addition, 
the material properties need to be carefully selected to not only provide sufficient attenuation, but to 
also provide a 180 degrees phase shift between the optical path length differences from rays reflected 
form the first and second regions of the mask. 

Thicker materials result in undesirable shadowing effects due to the fact that the EUV mask is 

illuminated at an angle. As previously stated, to get around the problem of material thickness, the 

Applicant's invention uses a set of layers in stack 307 that provide the attenuation by destructive 
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interference of the radiation incident on the first region with the radiation reflected from the second 
region. The destructive interference used for attenuated phase shift masks is between radiation reflected 
from the first region and the second region. 

The Applicants assert that there is no double patenting issue, nor is the Applicant's claimed 
extreme ultraviolet (EUV) lithographic mask or method of manufacturing an integrated circuit including 
the extreme ultraviolet (EUV) lithographic mask obvious in light of the teaching of Mangat in view of 
Tennant. The Applicants have amended claims 1,15 and 28 to further define the attenuating phase 
shifter attenuates radiation through destructive interference and absorption attenuating phase shifter 
overlying said first reflectance region as being comprised of a first layer, and a second layer having a 
reflectance region formed therebetween. The first layer has a thickness selected to alter the phase 
relationship between the first reflectance region and the second reflectance region resulting in 
destructive interference between a reflection from the first reflectance region and a reflection from the 
second reflectance region. It is believed that the further defining of the phase shifter overcomes the 
double patent rejection and obviousness rejection and places claims 1, 15, and 28 in a condition for 
allowance. Since claims 1-14 depend from claim 1, and for the features they add to claim 1, they are 
also believed to be not obvious. Since claims 16-27 depend from claim 15, and for the features they add 
to claim 15, they are also believed to be not obvious. Since claim 29 depends from claim 28, and for the 
features they add to claim 28, they are also believed to be not obvious. 

Accordingly, it is believed that the rejection of claims 1-29 as double patenting and under 35 
U,S.C. 1 03 have been overcome by the amendment and remarks. 
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CONCLUSION 

No amendment made herein was related to the statutory requirements of patentability unless 
expressly stated; and no amendment made herein was for the purpose of narrowing the scope of any 
claim, unless Applicant has argued herein that such amendment was made to distinguish over a 
particular reference or combination of references* 

Accordingly, Applicants respectfully submit that the application, as amended, is now in condition 
for allowance, and such allowance is therefore earnestly requested. Should the Examiner have any 
questions or wish to further discuss this application, Applicants request that the Examiner contact the 
Applicants attorneys at 480-385-5060. 

If for some reason Applicants have not requested a sufficient extension and/or have not paid a 
sufficient fee for this response and/or for the extension necessary to prevent abandonment on this 
application, please consider this as a request for an extension for the required time period and/or 
authorization to charge Deposit Account No. 50-2091 for any fee which may be due. 



Respectfully submitted, 
INGRASSIA FISHER & LORENZ 




(480)385-5060 
bcoleman@ifllaw.com 
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